In 2002 a fungus causing powdery mildew on Rhododendron in Latvia was discovered and identified as Erysiphe azaleae. The powdery mildew has since then been observed on leaves and seed pods of deciduous azaleas as well as evergreen rhododendrons, although the disease is more common on taxa of deciduous azaleas. Development of mature chasmothecia has been noticed at every location where the disease was detected. The distribution area of E. azaleae is expanding gradually from the south-west and central regions to the north and east parts of Latvia. It has been suggested, that climate change and large-scale plant import favour this process. To our knowledge, Latvia is so far the farthest north-easternmost site where E. azaleae has been detected.
INTRODUCTION
Rhododendrons (Rhododendron) are popular woody ornamental plants nowadays. In Latvia rhododendron introduction began in the first part of the 19 th century, but considerable introduction, breeding and propagation of species of this genus has been carried out since the 1950s (Kondratovičs 2005) and especially during the last twenty years rhododendrons have been widely used to decorate private and public gardens. In Europe powdery mildew on rhododendrons has become one of the most serious diseases only during the last few decades, when the anamorphic state was detected in 1981 on outdoor rhododendrons for the first time in the United Kingdom (Boesewinkel 1981) . However, the conidial form on rhododendrons was found in Switzerland in 1944 (Bolay 2001 . The teleomorph of the causal agent of the disease was detected in Germany only recently, in 1997 (Braun 1997 . Since the first find of teleomorphic form, many reports have been published from different areas of Europe: England (Ing 2000) , Italy (Garibaldi et al. 2002) , Poland (Piątek 2003) , Ukraine (Heluta 2004) , the Czech Republic (Lebeda et al. 2006) , Slovakia (Bacigálová & Marková 2006) , and Norway (Talgø et al. 2011) . In Latvia, symptoms of powdery mildew on rhododendrons were noticed for the first time in 2002. Of the countries bordering Latvia rhododendron mildew has so far been found in Lithuania (Grigaliu -naitė & Pribušauskaitė 2006) , located more to the south.
The causal agent of powdery mildew in Europe has been identified mainly as the fungus Erysiphe azaleae (U. Braun) U. Braun & S. Takam. [formerly Microsphaera azaleae U. Braun (Braun 2000) ], which most probably originated in North America (Braun 1982) ; however, in one case in Belgium a new species, Erysiphe digitata A.J. Inman & U. Braun, was described (Inman et al. 2000) .
The expansion of the distribution area of E. azaleae on Rhododendron is one apt example of invasions of Erysiphe species, which are also known for E. flexuosa on Aesculus spp., E. elevata on Catalpa bignonioides, and E. symphoricarpi on Symphoricarpos albus, all observed in Europe for the first time during the last decades (Kiss 2005) . Likewise, in Latvia powdery mildew on strawberries, caused by Podosphaera under field conditions, was detected for the first time in 2007 (Jarmoliča & Bankina 2009). It is presumed that the distribution area of various Erysiphales species has rapidly expanded in Europe (Glawe 2008) .
The aim of the present study was to identify and characterise the causal agent of powdery mildew on rhododendrons and work out its distribution area in Latvia.
MATERIAL AND METHODS
Leaves of rhododendrons with visual symptoms of powdery mildew were collected in the Botanical Garden of the University of Latvia in Riga as well as in the Babı -te Experimental and Breeding Nursery of Rhododendrons (University of Latvia) In period 2009-2011 several collections of rhododendrons were inspected for the presence of powdery mildew in different regions of Latvia (Tab. 1). Disease severity was evaluated on a 0-5 point scale, whereby 0 means that no powdery mildew was observed; 1 = 1-10 %, 2 = 11-25 %, 3 = 26-50 %, 4 = 51-75 %, and 5 = 76-100 % of the leaf surface and/or seed pods infected with powdery mildew. Four specimens (RIG 8713-8716) of infected leaves from deciduous and evergreen rhododendrons were deposited in the herbarium of the Faculty of Biology, University of Latvia.
RESULTS AND DISCUSSION
Erysiphe azaleae (U. Braun) U. Braun & S. Takam.
Description
A n a m o r p h (Fig. 1) . The fungus formed white epiphytic mycelium with abundant sporulation. Hyphae hyaline, mostly branching at right angles (Fig. 1A) . Appressoria well developed, multilobed to moderately lobed, often paired (Fig. 1D ).
Conidiophores cylindrical, unbranched, consisting of a kinked basal cell and one to three cylindrical cells (Fig. 1B) . Conidia single, ellipsoid-cylindrical in shape, symmetric at both ends, 36 × 17 (26-49 × 12-21) μm (Fig. 1C) .
Based on the anamorphic morphological features, the fungus was identified as a species of Oidium subg. Pseudoidium, most probably Oidium ericinum (Inman et al. 2000) .
Te l e o m o r p h (Fig. 2) . Chasmothecia dark brown, subglobose, 90-150 (on average 118) μm in diameter with more than 20 hyaline appendages. Appendages equatorially arranged and dichotomously branched, 76-159 (on average 115) μm in length (Figs. 2A, 4B ). Chasmothecia contained several asci with short stalks (Fig. 2C ), 52.6-67.3 × 33.3-41.9 (on average 58.7 × 37.4) μm. Ascospores (Fig. 2B) ellipsoid, 20.2-25.3 × 10.4-14.6 (on average 22.1 × 12.6) μm in diameter. The described features place the fungus into the genus Erysiphe.
Symptoms
According to the asexual and sexual morphology, the holomorph of the pathogen was identified as Erysiphe azaleae (U. Braun) U. Braun & S. Takam., a fungus recognized as the causal agent of powdery mildew on rhododendrons in a range of European countries (Inman et al. 2000 , Bacigálová & Marková 2006 , Talgø et al. 2011 . In Latvia powdery mildew has been found on numerous species and cultivars of deciduous azaleas (Tab. 2). The first symptoms of the disease were usually noticed in the middle of June. The fungus affected both leaf surfaces as well as seed pods (Fig. 3) . Symptoms of the disease and its severity differed depending on variety (Tab. 2). White mycelium developed on the upper and lower surface of leaves of R. luteum and cv. Madame Debene, while purple blotches, as the first symptoms of infection, and patches of mycelium expanded on the upper and lower surface of leaves of cv. Pasacin , a (Fig. 3B) . On plants with a high disease severity, formation of abundant mycelium was often accompanied by production of a large number of chasmothecia.
In addition, the mycoparasite Ampelomyces quisqualis Ces. was identified on the leaves of R. luteum heavily infected by E. azaleae (collected in August 2009 in the Botanical Garden of the University of Latvia). However, this hyperparasite did not notably inhibit infestation by powdery mildew. The presence of A. quisqualis on the leaves of deciduous azaleas exhibiting symptoms of powdery mildew has been observed in the Czech Republic as well (Bacigálová & Marková 2006) . E. azaleae affected both leaves and seed pods of evergreen rhododendrons. Chasmothecia formation was detected on both organs (Tab. 3). It was noticed that the disease symptoms more often developed only on seed pods, sometimes only on remaining styles of seed pods of various evergreen rhododendron taxa. This observation is in agreement with the results obtained by Lebeda et al. (2007) in the Czech Republic. In this study as well as in the present one powdery mildew was found on seed pods of R. catawbiense and R. smirnowii. To date, powdery mildew (Fig. 4) culture covers about 10 ha. Furthermore, the indications of the disease were not apparent every year. Powdery mildew symptoms on leaves usually developed later in the growing season, in August, and the severity of the disease was noticeably lower than for deciduous azaleas (Tab. 3).
Occurrence on rhododendrons
Powdery mildew has been detected on evergreen rhododendrons and deciduous azaleas in Germany ( In Latvia symptoms of powdery mildew have hitherto not been observed on socalled evergreen azaleas (e.g. R. kiusianum, R. kaempferi, R. obtusum, R. poukhanense, and their hybrids) , which are also mentioned as susceptible to E. azaleae (Inman et al. 2000 , Bertetti et al. 2005 . The need to examine native plant species such as R. tomentosum (formerly known as Ledum palustre) in Ukraine has been suggested earlier (Heluta et al. 2004) , since E. azaleae is found on R. neoglandulosum (former Ledum glandulosum) in North America (Farr et al. 1989 ). This may be an important observation, as R. tomentosum is a species native to Latvia. However, the pathogen has not been observed on this plant yet, even in places where numerous Rhododendron species, infected by E. azaleae, are growing with R. tomentosum.
Distribution in Latvia
A gradual increase in distribution of E. azaleae can be observed in Latvia today. In 2002 the symptoms of powdery mildew on rhododendrons were observed for the first time in the Babı -te Experimental and Breeding Nursery of Rhododendrons (University of Latvia), located near Riga (Tab. 1). Since 2006 the symptoms of this disease have been observed on numerous varieties of deciduous azaleas in the area around Riga, in the central region of the country -in places with the largest concentration of already existing rhododendron plantings and recently imported rhododendrons. Until 2010, E. azaleae had been observed in the southern, western and central parts of the country (Tab. 1), where the climate is milder than in the northern and eastern areas. In the last few years (2011-2012) the pathogen was detected for the first time in the northern (Le -durga Dendrological Park) and eastern part (Kalsnava Arboretum) of Latvia as well. However, in a private rhodo-dendron collection near Vil , k , ene (northern part) and in the Sakstagals tree nursery (eastern part) E. azaleae has not been observed yet (Tab. 1). This could indicate that the climate conditions are gradually becoming more favourable for the pathogen in those cooler regions. In every location where powdery mildew was identified, development of mature chasmothecia was observed, which could promote successful survival and further distribution of the fungus. To our knowledge, Latvia is so far the north-easternmost site where E. azaleae has been detected.
Gravity of E. azaleae
Kiss (2005) noticed that E. azaleae, similar to other causal agents of powdery mildews such as E. kusanoi and E. symphoricarpi, have not spread very rapidly and have not induced any severe epidemics in Europe. However, in Latvia and the nearby regions powdery mildew is the first serious disease detected on Rhododendron, especially for deciduous azaleas. The pathogen not only remarkably diminishes the ornamental value of the plants, but also often reduces the vigour of the host plants resulting in important economic loss for growers. We have found that numerous introduced Rhododendron taxa and locally bred cultivars (Tab. 2, 3) both tend to show similar susceptibility to powdery mildew. This means that local breeders are challenged to get resistant cultivars in the future.
Expansion of the distribution area of E. azaleae and other Erysiphales may be supported not only by global climate change (Glawe 2008 , Roos et al. 2011 , but also by large-scale import of plant material (Talgø et al. 2011 ). Both of these factors could be relevant in Latvia judging from the expansion pattern of E. azaleae. Global climate changes and extensive plant trade may contribute to further dissemination of pathogens to the North as well as adaptation of fungi to new host plants.
